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Introduction {#sec001}
============

Distracted driving is defined as driving while attention is drawn away from the driving task to focus on another activity \[[@pone.0213453.ref001]\]. The form of distraction can be visual (e.g., looking away from the roadway), manual (e.g., taking a hand off the steering wheel and manipulating a device or object), or cognitive (e.g., thinking about something other than driving), and all of these forms of distraction increase the risk of a motor vehicle crash \[[@pone.0213453.ref001]\]. In the United States, 3,450 people were killed in motor vehicle crashes caused by distracted driving in 2016 \[[@pone.0213453.ref002]\] and an estimated 391,000 people were injured in 2015 \[[@pone.0213453.ref003]\]. The total economic costs of distraction-related motor vehicle crashes in the United States were estimated to be greater than \$40 billion in 2010 \[[@pone.0213453.ref004]\].

Texting while driving, a major form of distracted driving, is particularly dangerous because it involves all three forms of distraction mentioned above \[[@pone.0213453.ref005]\]. Despite its danger, texting while driving has been pervasive, with 31.4% and 40.2% of drivers in the United States reporting they have sent and read text messages while driving in the past 30 days, respectively \[[@pone.0213453.ref006]\]. Texting while driving is even more prevalent in young drivers, with more than 90% of college students reporting that they have texted while driving \[[@pone.0213453.ref007]\].

To combat this problem, various solutions have been attempted in previous studies, which can be grouped into three categories: legislation, technology-based solutions, and education-based approaches. First, legislation to ban texting while driving for all drivers has been put into place in 47 states and the District of Columbia \[[@pone.0213453.ref008]\]. The evidence of the effectiveness of laws restricting mobile phone use while driving, however, is mixed \[[@pone.0213453.ref009],[@pone.0213453.ref010]\] (see \[[@pone.0213453.ref011]\] for review). In addition, the laws are very difficult to enforce because texting while driving is an intermittent activity and the drivers may conceal their behavior to avoid being fined \[[@pone.0213453.ref012],[@pone.0213453.ref013]\].

Second, with respect to technological interventions, previous research has evaluated whether speech-based text entry methods and/or head-mounted, wearable display system can ameliorate the distraction caused by texting but it was found that drivers are still distracted relative to driving while not texting \[[@pone.0213453.ref014]--[@pone.0213453.ref016]\]. A smartphone application that blocks incoming messages was shown to reduce novice drivers' sending text messages while driving, although 15% of the drivers tried to bypass the blocking system \[[@pone.0213453.ref017]\] (see also \[[@pone.0213453.ref018]\], who found that 91% of high school students were not interested in using a smartphone application that locks the phone completely while driving).

Third, the public educational campaign, sponsored by both governments (e.g., *U Drive*. *U Text*. *U Pay*., \[[@pone.0213453.ref019]\]) and industries (e.g., *It Can Wait*, \[[@pone.0213453.ref020]\]), have brought information on the dangers of texting while driving through various media (see \[[@pone.0213453.ref021]\] for review). Although a media campaign combined with high-visibility law enforcement show some positive outcomes \[[@pone.0213453.ref022]\], evidence on the effectiveness of media-only campaigns in reducing texting while driving has yet to be documented \[[@pone.0213453.ref011]\]. In addition to media campaigns, other educational interventions have also been attempted. These include (a) an educational program at work consisting of a movie, pamphlets/brochures, and "don't text and drive" signs placed in the parking lot \[[@pone.0213453.ref023]\]; (b) a package consisting of an anti-texting-while-driving video and daily text message reminder to not text while driving \[[@pone.0213453.ref024]\]; and (c) a front windshield sticker reminder not to text while driving \[[@pone.0213453.ref025]\]. These interventions were certainly effective in reducing texting while driving; however, only one of these studies \[[@pone.0213453.ref023]\] included follow-up data and thus the long-term efficacy of these interventions is unknown.

Taken together, although previous intervention studies have accomplished important steps towards preventing and reducing texting while driving, the varied effectiveness of these approaches calls for further analyses. We believe it is of great significance to shift our attention from "What procedure works?" to "Why does the procedure work?" Such process-level analyses can deepen our understanding of promising intervention strategies, which in turn can contribute to their further development and refinement.

A possible mechanism that appears to underlie the aforementioned interventions is the explicit or implicit arousal of the threat of a motor vehicle crash and/or traffic violation due to texting while driving. *Threat appeals* refer to a persuasive message that attempts to arouse the threat of danger and harm and influences message recipients to adopt recommendations of the message \[[@pone.0213453.ref026],[@pone.0213453.ref027]\]. In transportation safety research, threat appeals have been utilized to discourage drivers from various risky driving behaviors, such as texting while driving \[[@pone.0213453.ref028]\], drinking and driving \[[@pone.0213453.ref029]\], and speeding \[[@pone.0213453.ref030]\], and typically include graphic representations of the injury and death due to motor vehicle crashes caused by the risky driving (see \[[@pone.0213453.ref031]\] for review). A meta-analysis conducted with 13 experimental studies revealed that threat appeals are effective in eliciting fear, yet they do not consistently yield desirable driving outcomes \[[@pone.0213453.ref032]\]. More recent studies, however, have found threat appeals to be effective in reducing risky driving behaviors. In one study on texting while driving, participants who were exposed to verbal and/or visual cues to death/dying due to texting while driving reported less favorable attitudes toward texting while driving as well as decreased intentions to text while driving \[[@pone.0213453.ref033]\]. In another study on speeding, drivers who were exposed to a threatening message about speeding showed decreased tendencies to speed in a driving simulator \[[@pone.0213453.ref034]\].

Although these successful demonstrations of threat appeals are promising, another important challenge toward reducing texting while driving behavior would be to address the inconsistencies among attitudes, intentions, and behaviors \[[@pone.0213453.ref035],[@pone.0213453.ref036]\]. To this end, it is essential to consider an important hallmark of texting while driving: Drivers engage in the risky behavior of texting while driving despite being aware of its danger \[[@pone.0213453.ref007]\]. Generally speaking, drivers, including the ones who text while driving, have negative attitudes toward texting while driving and they are well aware of its danger \[[@pone.0213453.ref007],[@pone.0213453.ref037]--[@pone.0213453.ref039]\], yet some of them still report relatively high intentions to text while driving in the future \[[@pone.0213453.ref033]\]. Even drivers who have low intentions to text while driving may still engage in texting once they are at the wheel. This is because texting while driving is an automatic behavior that can emerge in spite of individual intentions \[[@pone.0213453.ref040],[@pone.0213453.ref041]\]. In addition, texting while driving is negatively correlated with impulse control \[[@pone.0213453.ref042]--[@pone.0213453.ref044]\], another factor that may contribute to intention-behavior discrepancies \[[@pone.0213453.ref045]\].

We propose that a key to understand potential attitude-behavior and intention-behavior discrepancies is to understand the impulsive decision-making process underlying texting while driving through which drivers choose to text while driving despite knowledge of its dangers. One conceptual framework potentially useful for this purpose is a behavioral economic approach.

Behavioral economics refers to the application of economic concepts and approaches to the study of individuals' choices and decisions controlled by reinforcement contingencies operating over extended periods of time \[[@pone.0213453.ref046]\]. From the behavioral economic perspective, impulsive decision making can be operationalized as choice of an immediate yet less favorable outcome over a delayed yet more favorable outcome \[[@pone.0213453.ref047]\], and such choice can be made deliberately or implicitly/habitually \[[@pone.0213453.ref048]\]. Along with this conceptualization, texting while driving can be viewed as a trade-off between (a) an immediate reward (i.e., texting message while driving) combined with an increase in the likelihood of a probabilistic punisher (i.e., increased risk of a motor vehicle crash) and (b) a delayed reward (i.e., text message after driving) without a punisher (i.e., no risk of a crash), and it manifests behaviorally as a choice of the immediate reward despite its risk. Note that the trade-off involves multiple outcomes (and thus multiple discounting processes) and the choice is a net function of the multiple processes \[[@pone.0213453.ref049]\]. This behavioral economic conceptualization that texting while driving is fundamentally an impulsive choice has been supported by previous studies, demonstrating that drivers who frequently text while driving are more vulnerable to impulsive decision making \[[@pone.0213453.ref038],[@pone.0213453.ref050],[@pone.0213453.ref051]\].

From the behavioral economic perspective, threat appeals in the context of texting while driving can be conceptualized as a manipulation to increase (a) the subjective probability of getting into a motor vehicle crash due to texting and/or (b) the subjective aversiveness (or costs) of the motor vehicle crash. This may impact the aforementioned trade-off in the impulsive decision-making process and shift the driver's choice toward the delayed reward without risk of a crash. If we conceptualize threat appeals in the context of texting while driving in this manner, two apparently distinct areas of research, threat appeals and behavioral economics, can be related in a fruitful way that could potentially produce synergetic effects.

According to the Competing Neurobehavioral Decision Systems (CNDS) theory, a behavioral economic theory employing dual-system models of decision-making (cf. \[[@pone.0213453.ref045],[@pone.0213453.ref052],[@pone.0213453.ref053]\]), decision-making is the product of two completing neurobehavioral systems: (a) the *impulsive system*, which comprises the limbic and paralimbic brain regions (e.g., nucleus accumbens) and values immediate rewards; and (b) the *executive system*, which comprises portions of the prefrontal cortex and may be needed to inhibit the impulsive system and value delayed rewards \[[@pone.0213453.ref054],[@pone.0213453.ref055]\]. The theory further posits that the relative activation of these two decision-making systems is associated with delay discounting processes, and by extension, with clinically relevant choices (e.g., drug use).

From the point of view of the CNDS theory, drivers' choice to text while driving can be characterized by the competition between the two systems: the impulsive system favoring the impulsive choice (i.e., texting while driving with the risk of a motor vehicle crash) and the executive system favoring the self-controlled choice (i.e., texting after arriving at the destination without the risk). If the threat appeals can increase the subjective probability of a motor vehicle crash and/or the subjective aversiveness of the crash, it may shift driver's decision toward the self-controlled choice by increasing the relative dominance of the executive system. This is consistent with previous studies using neuroimaging techniques that threat appeals increased activation in the medial prefrontal cortex \[[@pone.0213453.ref056]--[@pone.0213453.ref058]\] that is associated with executive control \[[@pone.0213453.ref059]\] and decision making about risk and reward \[[@pone.0213453.ref060]\].

Despite this potential effectiveness, no previous study has examined the effects of threat appeals on the impulsive decision-making process associated with texting while driving. To fill this gap in the literature, the first purpose of the present study was to examine the effectiveness of threat appeals in influencing such impulsive decision making as assessed by the degree of delay discounting---the subjective devaluation of a future reward (i.e., text message) as a function of delay to its receipt \[[@pone.0213453.ref047]\]. The participants in the treatment group were exposed to a threatening message on the danger of texting while driving delivered by a video clip on a computer, whereas those in the control group were exposed to a non-threatening message. In addition to the degree of impulsive decision making, the present study examined whether the threatening message can alter attitudes toward and intentions of texting while driving. It was hypothesized that the treatment group would show a lower degree of impulsive decision making, less favorable attitudes, and decreased intentions associated with texting while driving.

Although fear is an emotion that is often elicited by threat appeals \[[@pone.0213453.ref032]\], it is not the only emotion elicited by them \[[@pone.0213453.ref061]\]. Threat appeals can elicit various other emotions, such as guilt, shame, and regret, and the interplay among these different emotions should be important to determine the effectiveness of threat appeals \[[@pone.0213453.ref034]\]. One potential emotion that may be relevant to threat appeals for texting while driving is regret. Indeed, Koch (2014) even claimed that threat-appeal interventions influence message recipients via increasing feelings of regret that they would experience for taking (or not taking) the action mentioned in the message \[[@pone.0213453.ref062]\].

Regret is an aversive cognitive emotion that is experienced when we realize or imagine that our current situation would have been better, if only we had acted differently \[[@pone.0213453.ref063]\]. Previous research has shown that making individuals aware of future regret (i.e., anticipated regret) reduces undesirable behaviors, such as risky driving, risky sexual behavior, and substance use (see \[[@pone.0213453.ref064],[@pone.0213453.ref065]\] for meta-analyses). In addition, previous research has demonstrated that anticipated regret is effective in influencing decision making associated with risky sexual behavior, as measured by delay discounting \[[@pone.0213453.ref066]\]. Therefore, it is possible that interventions that increase awareness of anticipated regret are effective for reducing texting while driving.

The second purpose of the present study was to evaluate whether (a) video-based threat appeals can induce the emotion of anticipated regret and, if so, (b) levels of anticipated regret are associated with levels of impulsive decision making associated with texting while driving and attitudes toward and intentions of texting while driving. Unlike previous studies that presented the threat of participants' dying/being injured in a crash caused by texting while driving \[[@pone.0213453.ref028],[@pone.0213453.ref033]\], the present study presented threats of killing/injuring someone due to a crash caused by texting while driving, in an attempt to enhance the emotion of regret being elicited. It was hypothesized that participants who were exposed to threats of potentially killing someone due to texting while driving would exhibit greater levels of anticipated regret, and anticipated regret would serve as a mediating variable between the threat appeals and each of the three dependent measures: impulsive decision making, attitude, and intention of texting while driving.

Materials and methods {#sec002}
=====================

Participants {#sec003}
------------

One hundred forty undergraduate students enrolled in introductory psychology courses at Pennsylvania State University, Hazleton participated. Participants were recruited in two phases and the two cohorts of participants were exposed to slightly different procedures (details below). They were offered course credit for participation. Students who reported that they did not have a valid driving license (*n* = 27) or that they experienced technical difficulties (*n* = 13; details described below) were excluded from the study (i.e., their data were not analyzed). The retained sample was composed of 39 males and 61 females. Their mean age, years of higher education, and years driving were 19.8 (*SD* = 2.4; ranging from 18 to 30), 1.8 (*SD* = 1.2; ranging from 1 to 7), and 3.1 (*SD* = 2.3; ranging from 0 to 14). The Institutional Review Board at the Pennsylvania State University approved the study protocol.

Procedure {#sec004}
---------

All surveys were hosted online by Qualtrics (Provo, UT). Participants received an email through the Qualtrics website that contained a link to the online survey. After the participants agreed to participate in the study by clicking "I agree to participate" button as a part of the informed consent process, they completed a demographic questionnaire that asked their age, gender, years of higher education, whether they have a valid driver's license, and years driving. They then watched a short video clip, completed a hypothetical delay discounting task, and completed a questionnaire that consisted of questions concerning texting while driving. Participants were randomly assigned to either the treatment or the control group, through the Qualtrics' randomizer function that roughly equated the number of participants across the groups.

### Video clip {#sec005}

Before any video clip, a YouTube video embedded in the Qualtrics page, was presented, participants were told that they would watch a short video, and were instructed to turn their audio on. For the second cohort of participants, a test video clip was added because many participants in the first cohort reported that they experienced technical difficulties (details descried below). The test video clip presented a non-driving scene and the participants were asked whether they could watch the video clip and listen to the audio before they watched a driving-related video clip.

On the next screen, another video clip was set up to start playing automatically by the YouTube's auto-play function. While the video was playing, no button to proceed to the next screen was presented. After 1 min, the screen advanced automatically by the Qualtrics' auto-advance function. Participants in the treatment group watched a video that features a young female driver in a car (available at <https://www.youtube.com/watch?v=l7ljxDjwDjU>). The driver receives a text message, replies to it, and almost hits the car coming from the other direction. Then, a hypothetical scene starts in which time stops and the driver can speak with the other driver. In the conversation, the driver knows that two young children will be involved in the crash to occur and apologizes for causing the crash due to texting, indicating a sense of regret. At the end of the video, the hypothetical scene ends and time resumes. The video ends when two cars smash into each other. Participants in the control group watched a video (car commercial) that features a man sitting in a car, which faces a bull standing in the middle of the road (available at <https://www.youtube.com/watch?v=FoGGDKV88Fg>). In the video, the car mostly remains stopped on the road, while the man talks to himself about the bull. At the end of the video, the man slowly turns the car around and drives in the opposite direction. The video contains no texting while driving nor any negative consequence due to texting while driving.

On completion of each video, participants were asked "Did you experience any technical problems (e.g., video not shown, no audio, etc.) in watching the video?" with the option to select either *Yes* or *No*. For the first cohort, 9 out of 36 participants reported they had technical issues. The rate of technical difficulties decreased to 4 out of 77 for the second cohort when the aforementioned test video clip was added. The data from these 13 participants who reported technical issues (11.5% of the total sample) were excluded from analyses.

### Delay discounting task {#sec006}

After watching the video assigned to their group, participants in both groups completed the same delay-discounting task adopted from \[[@pone.0213453.ref051]\] that assessed the degree of impulsive decision making associated with texting while driving. Using visual analog scales (VAS), participants rated their likelihood of replying to a text message while driving versus waiting to reply until arriving at a destination. The task presented the following hypothetical scenario:

> Imagine that your significant other (or your best friend) has just sent a text message saying "text me asap" while you are driving at 40 mph. You will arrive at the destination in \[delay\]. Please rate how likely you are to reply now versus waiting for \[delay\].

The VAS was located immediately below the instruction. It was a horizontal line labeled from 0 to 100 in increments of 10 with the descriptive anchors, *definitely reply now* (far left) and *definitely wait* (far right). The default position of a slider of the VAS was 50, and the participants clicked on the slider and moved it across the horizontal line to indicate their likelihood of waiting until the destination. The VAS was presented six times, each time on a different screen with the only difference being the delay to the destination (30 s, 5 min, 15 min, 30 min, 1 h, and 2 h presented in this ascending order).

### Questionnaires {#sec007}

Following the completion of the delay discounting task, the participants completed questionnaires that measures the following five categories of information associated with texting while driving (hereafter TWD): (a) the degree to which participants would feel regret if they text while driving in the future (hereafter referred to as *regret*; Cronbach's *α* = .958); (b) attitudes towards texting while driving (*attitude*; *α* = .869); (c) intentions of engaging in texting while driving in the future (*intention*; *α* = .862); (d) the degree to which they feel they can control their behavior of texting while driving (*perceived efficacy*; *α* = .774); and (e) self-reported frequency of texting while driving in the past (*past TWD frequency*; *α* = .948). The participants also completed a questionnaire that assessed the degree to which the video made the participants think of potentially killing someone due to texting while driving (*perceived threat*; *α* = .950). Note that we chose to measure the level of the perceived threat of potentially killing someone, rather than the fear of killing someone, because the level of threat as a stimulus would better represent the effectiveness of the independent variable (the video clip) than the level of fear as a response to the stimulus, which could vary across individuals \[[@pone.0213453.ref067]\]. Also, we focused on regret as an emotion aroused by threat appeals, as mentioned previously. See [S1 Appendix](#pone.0213453.s001){ref-type="supplementary-material"} for all the questions presented. Means across items were calculated to make the scores directly comparable across these questionnaires (i.e., all scores rage from 1 to 7).

Data analysis {#sec008}
-------------

As a descriptive, non-theoretical measure of delay discounting, the area under the curve (AUC) was calculated at the individual level according to the method described by \[[@pone.0213453.ref068]\]. AUC provides a single index of the degree of discounting that is standardized to range from 0 (completely discounted) to 1 (not discounted at all). We chose to use AUC because this standardized score allows for comparisons across studies, regardless of the units being employed.

With respect to statistical analyses, gender was analyzed as a function of the groups with a chi-square test. Other continuous variables were also analyzed as a function of the groups with an independent sample *t*-test. In addition, an analysis of covariance (ANCOVA) was performed on the four TWD-related dependent measures (AUC, regret, attitude, and intention) with age and past TWD frequency as covariates. Age and past TWD frequency were chosen because of their significant correlations with the AUC measure (see below). Correlational analyses were performed by calculating Pearson correlation coefficients. Simple mediation analyses were performed with the PROCESS macro (Version 3.2) developed by \[[@pone.0213453.ref069]\], utilizing a 5000-sample bootstrapping procedure. In these analyses, threat appeals served as the independent variable, regret served as the mediator, age and past TWD frequency served as covariates, and AUC, attitude, and intention served as the dependent variables. The significance of indirect (mediational) effect was assessed with percentile bootstrap confidence intervals (i.e., the upper and lower bound of the intervals not containing zero) \[[@pone.0213453.ref069]\]. All assumptions of the statistical tests were met with an exception for normality of age, years of higher education, and years driving. Nevertheless, we deemed the *t*-test appropriate for these variables because previous research has well established that the *t*-test is fairly robust for the violation of the normality assumption \[[@pone.0213453.ref070]--[@pone.0213453.ref072]\]. All statistical analyses were performed with SPSS Version 25. The statistical significance level was set at .05.

Results {#sec009}
=======

[Table 1](#pone.0213453.t001){ref-type="table"} shows the demographic characteristics and perceived efficacy and threat for both groups. No significant differences among groups were found for gender, *χ*^*2*^(1) = .00, *p* = .964; age, *t*(98) = -.83, *p* = .411; years of higher education, *t*(98) = -.45, *p* = .656; years driving, *t*(98) = -.45, *p* = .652; past TWD frequency, *t*(98) = .33, *p* = .740; or perceived efficacy, *t*(98) = 1.00, *p* = .321. With respect to the perceived threat of potentially killing someone due to texting while driving (i.e., manipulation check), there was a significant difference between groups, *t*(98) = -7.01, *p* \< .001.

10.1371/journal.pone.0213453.t001

###### Demographic characteristics and perceived efficacy and threat for the control and treatment groups.

![](pone.0213453.t001){#pone.0213453.t001g}

  Characteristics                                             Control      Treatment
  ----------------------------------------------------------- ------------ ------------
  Gender                                                                   
      Male                                                    20           19
      Female                                                  31           30
  Age in years                                                19.6 (2.2)   20.0 (2.5)
  Years of higher education                                   1.8 (1.3)    1.9 (1.2)
  Years driving                                               3.0 (2.0)    3.2 (2.5)
  Past TWD frequency                                          2.9 (1.6)    2.8 (1.8)
  Perceived efficacy                                          6.5 (1.1)    6.2 (1.5)
  Perceived threat[\*\*\*](#t001fn002){ref-type="table-fn"}   2.9 (1.9)    5.4 (1.7)

*Note*. The numbers are means (and standard deviations) except for gender. TWD = Texting while driving.

\*\*\**p* \< .001.

[Fig 1](#pone.0213453.g001){ref-type="fig"} shows the mean likelihood of waiting to reply to a text message for both groups. The likelihood of waiting decreased as a function of delay to the destination for both groups, suggesting that the value of social interaction from texting is subject to delay discounting. The rates of delay discounting varied greatly between the two groups: The visual analysis of the figure indicates that the treatment group showed less steep discounting (i.e., less impulsive decision making). The results of an independent sample *t*-test based on AUC data calculated from individual participants revealed the AUC value was significantly higher for the treatment group (*M* = 0.59, *SD* = 0.33) than for the control group (*M* = 0.33, *SD* = 0.33), *t*(98) = 3.81, *p* \< .001, Cohen\'s *d* = .76.

![Mean likelihood of waiting to reply to a text message as a function of delay to the destination for the treatment and control groups.\
Error bars represent 95% confidence intervals.](pone.0213453.g001){#pone.0213453.g001}

[Fig 2](#pone.0213453.g002){ref-type="fig"} shows adjusted means of AUC, regret, attitude, and intention for both groups. After adjustment for age and past TWD frequency, the results of ANCOVA's revealed significant differences between groups on AUC, *F*(1, 96) = 14.55, *p* \< .001, η~p~^2^ = .132; regret, *F*(1, 96) = 9.28, *p* = .003, η~p~^2^ = .088; attitude, *F*(1, 96) = 5.25, *p* = .024, η~p~^2^ = .052; and intention, *F*(1, 96) = 7.33, *p* = .008, η~p~^2^ = .071.

![Adjusted means for area under the curve (AUC), anticipated regret due to texting while driving (regret), attitudes toward texting while driving (attitude), and intention of texting while driving in the future (intention) for the treatment (Tx) and control (Ctrl) groups.\
Error bars represent 95% confidence intervals. \**p* \< .05. \*\**p* \< .01. \*\*\**p* \< .001.](pone.0213453.g002){#pone.0213453.g002}

[Table 2](#pone.0213453.t002){ref-type="table"} shows Pearson correlation coefficients among the demographic characteristics, perceived efficacy and threat, and the TWD-related measures. First, age was significantly correlated with AUC and attitude (*p*'s \< .05), and past TWD frequency was significantly correlated with AUC, regret, attitude, and intention (*p*'s \< .05). This is why age and past TWD frequency were controlled for when ANCOVA was performed. Second, AUC, regret, attitude, and intention were significantly correlated with each other (all *p*'s \< .05).

10.1371/journal.pone.0213453.t002

###### Pearson correlation coefficients among demographic characteristics, perceived efficacy and threat, and TWD-Related measures.

![](pone.0213453.t002){#pone.0213453.t002g}

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                           1                                             2                                             3                                             4      5                                             6                                           7                                             8                                             9                                             10                                           11
  ------------------------ --------------------------------------------- --------------------------------------------- --------------------------------------------- ------ --------------------------------------------- ------------------------------------------- --------------------------------------------- --------------------------------------------- --------------------------------------------- -------------------------------------------- ----
  1\. Age                  \-                                                                                                                                                                                                                                                                                                                                                                                                                                

  2\. Gender\              .09[\*\*](#t002fn003){ref-type="table-fn"}    \-                                                                                                                                                                                                                                                                                                                                                                                  
  (F = 0)                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  3\. Years of education   .53[\*\*](#t002fn003){ref-type="table-fn"}    .00[\*\*](#t002fn003){ref-type="table-fn"}    \-                                                                                                                                                                                                                                                                                                                                    

  4\. Years driving        .81[\*\*](#t002fn003){ref-type="table-fn"}    .13[\*\*](#t002fn003){ref-type="table-fn"}    .51[\*\*](#t002fn003){ref-type="table-fn"}    \-                                                                                                                                                                                                                                                                                      

  5\. Past TWD frequency   -.13[\*\*](#t002fn003){ref-type="table-fn"}   -.02[\*\*](#t002fn003){ref-type="table-fn"}   -.01[\*\*](#t002fn003){ref-type="table-fn"}   -.01   \-                                                                                                                                                                                                                                                                               

  6\. Perceived Efficacy   .15[\*\*](#t002fn003){ref-type="table-fn"}    .29[\*\*](#t002fn003){ref-type="table-fn"}    .03[\*\*](#t002fn003){ref-type="table-fn"}    .18    -.08                                          \-                                                                                                                                                                                                                                 

  7\. Perceived Threat     .01[\*\*](#t002fn003){ref-type="table-fn"}    -.25[\*\*](#t002fn003){ref-type="table-fn"}   .07[\*\*](#t002fn003){ref-type="table-fn"}    .05    .00                                           -.20[\*](#t002fn002){ref-type="table-fn"}   \-                                                                                                                                                                                     

  8\. AUC                  .27[\*\*](#t002fn003){ref-type="table-fn"}    -.05[\*\*](#t002fn003){ref-type="table-fn"}   .08[\*\*](#t002fn003){ref-type="table-fn"}    .13    -.34[\*\*](#t002fn003){ref-type="table-fn"}   -.08[\*](#t002fn002){ref-type="table-fn"}   .39[\*\*](#t002fn003){ref-type="table-fn"}    \-                                                                                                                                       

  9\. Regret               .09[\*\*](#t002fn003){ref-type="table-fn"}    -.15[\*\*](#t002fn003){ref-type="table-fn"}   .10[\*\*](#t002fn003){ref-type="table-fn"}    .11    -.35[\*\*](#t002fn003){ref-type="table-fn"}   -.04[\*](#t002fn002){ref-type="table-fn"}   .40[\*\*](#t002fn003){ref-type="table-fn"}    .40[\*\*](#t002fn003){ref-type="table-fn"}    \-                                                                                         

  10\. Attitude            .24[\*\*](#t002fn003){ref-type="table-fn"}    .10[\*\*](#t002fn003){ref-type="table-fn"}    -.14[\*\*](#t002fn003){ref-type="table-fn"}   -.13   .32[\*\*](#t002fn003){ref-type="table-fn"}    -.01[\*](#t002fn002){ref-type="table-fn"}   -.17[\*\*](#t002fn003){ref-type="table-fn"}   -.39[\*\*](#t002fn003){ref-type="table-fn"}   -.53[\*\*](#t002fn003){ref-type="table-fn"}   \-                                           

  11\. Intention           -.14[\*\*](#t002fn003){ref-type="table-fn"}   .18[\*\*](#t002fn003){ref-type="table-fn"}    -.06[\*\*](#t002fn003){ref-type="table-fn"}   -.02   .58[\*\*](#t002fn003){ref-type="table-fn"}    -.12[\*](#t002fn002){ref-type="table-fn"}   -.20[\*\*](#t002fn003){ref-type="table-fn"}   -.40[\*\*](#t002fn003){ref-type="table-fn"}   -.56[\*\*](#t002fn003){ref-type="table-fn"}   .58[\*\*](#t002fn003){ref-type="table-fn"}   \-
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*Note*. TWD = texting while driving. AUC = Area under the Curve.

\**p* \< .05.

\*\**p* \< .01.

[Fig 3](#pone.0213453.g003){ref-type="fig"} shows the path diagram of the mediation models. To determine if there were significant indirect effects, we examined the bootstrapped 95% confidence intervals. None of the confidence intervals contained 0, indicating significant indirect effects of threat appeals through regret on AUC: *ab* = 0.04, 95% confidence interval (CI) \[0.003, 0.101\]; attitude: *ab* = -0.25, 95% CI \[-0.470, -0.073\]; and intention: *ab* = -0.32, 95% CI \[-0.634, -0.101\]. The direct effect of threat appeals was significant on AUC: *c'* = 0.19, *t* = 3.03, *p* = .003; but not on attitude: *c'* = -0.18, *t* = -1.02, *p* = .308; and intention: *c'* = -0.35, *t* = -1.47, *p* = .144. The proportion of the effect mediated by regret (indirect effect divided by total effect) was 0.19 for AUC, 0.58 for attitude, and 0.48 for intention.

![Diagram of the mediator models with regret as potential mediators between threat appeals and AUC, attitude, and intention.\
*ab* = indirect effect. *c'* = direct effect. The values indicate unstandardized coefficients.](pone.0213453.g003){#pone.0213453.g003}

Discussion {#sec010}
==========

The first purpose of the present study was to examine the effectiveness of threat appeals in influencing impulsive decision making associated with texting while driving. The participants in the treatment group were exposed to the threatening message about the danger of texting while driving, whereas those in the control group were exposed to a non-threatening message. The results show that the threat appeals reduced the degree of impulsive decision making associated with texting while driving, as assessed by the delay discounting task. The threat appeals also improved attitudes toward texting while driving and reduced intentions of engaging in texting while driving in the future.

The second purpose of the present study was to evaluate two facets of anticipated regret and texting while driving. First, this study evaluated whether anticipated regret can be induced by a threat of potentially killing someone due to a crash caused by texting while driving. The results showed that the threat appeals effectively induced anticipated regret. This study also evaluated whether anticipated regret can mediate the relationship between threat appeals and impulsive decision making, attitudes, and intentions in relation to texting while driving. The results show that anticipated regret partially mediates the relationship between threat appeals and impulsive decision making, indicating that threat appeals influence impulsive decision making both directly and through anticipated regret. The results also show that anticipated regret mediated the relationship between threat appeals and attitudes and intentions in relation to texting while driving, indicating that threat appeals influence attitudes and intentions through anticipated regret.

The present finding supports the notion that threat appeals can evoke emotions other than fear \[[@pone.0213453.ref034]\] and is consistent with Koch's (2014) claim that interventions utilizing threat appeals may work via increasing anticipated regret \[[@pone.0213453.ref062]\]. With respect to transportation safety, previous correlational studies have shown that anticipated regret is negatively associated with intentions to drive recklessly (e.g., cutting in suddenly) \[[@pone.0213453.ref073],[@pone.0213453.ref074]\], intentions to speed \[[@pone.0213453.ref075]--[@pone.0213453.ref078]\], and intentions to text while driving \[[@pone.0213453.ref079],[@pone.0213453.ref080]\]. To our knowledge, there is only one experimental study in which the level of anticipated regret was manipulated \[[@pone.0213453.ref081]\]. In their study, an anti-speeding video failed to influence intentions about future speeding, and the authors reasoned that the video did not elicit sufficient regret based on the results of the manipulation check. The present study, therefore, is the first successful demonstration in the transportation safety literature in which the level of anticipated regret was successfully manipulated and intentions to text while driving were reduced. Because fear-arousing threat appeals are occasionally observed to *increase* risky driving behaviors (see \[[@pone.0213453.ref032]\] for review), a promising approach may be to base threat appeals on other emotions, such as anticipated regret. Future research should replicate the present finding to further examine the effectiveness of anticipated regret for texting while driving as well as evaluate the relative contribution of fear and anticipate regret on reducing texting while driving.

Perceived threat and efficacy as critical factors in threat appeals {#sec011}
-------------------------------------------------------------------

The current theoretical perspectives on threat appeals emphasize the role of two constructs---*perceived threat* and *perceived efficacy*---in explaining how threat appeals lead to the changes in attitudes and intentions in message recipients \[[@pone.0213453.ref034]\]. According to the *Extended Parallel Process Model* (EPPM, \[[@pone.0213453.ref082],[@pone.0213453.ref083]\]), threat appeals are effective only when message recipients perceive (a) that the susceptibility and the severity of the threat are high (perceived threat), and (b) that they are capable of performing recommended actions that will result in desirable consequences (perceived efficacy). Message recipients first appraise the susceptibility and the severity of the threat elicited by the message. If perceived threat is sufficiently high (but not too high \[[@pone.0213453.ref084]\]), the levels of perceived efficacy will determine the action to deal with the threat \[[@pone.0213453.ref085]\]. If high efficacy is perceived, message recipients avert the threat through self-protective changes in behavior (i.e., stop texting while driving). If, instead, low efficacy is perceived, message recipients reduce the fear, not the threat, through maladaptive coping mechanisms, such as rationalization (i.e., believe they can text while driving safely), and thus no behavioral change should be produced.

The results of the previous and present studies are consistent with the EPPM's predictions. In explaining the *boomerang effect*, in which message recipients reacted against the message, Lennon et al. (2010) reasoned that the threat appeals used in their study did not elicit high levels of threat of texting while driving, which resulted in increased intentions to text while driving \[[@pone.0213453.ref028]\]. In contrast, in both Kareklas and Muehling (2014) and the present study, in which intentions to text while driving were decreased, the threat appeals effectively elicited the high levels of threat of their own death and killing someone due to texting while driving, respectively, as evidenced by the scores of the manipulation check questions \[[@pone.0213453.ref033]\]. With respect to perceived efficacy that determines the effectiveness of threat appeals when high threat is perceived \[[@pone.0213453.ref085]\], it is said that the efficacy is typically high in texting while driving because drivers can choose not to text while driving and doing so should result in the desirable outcome (i.e., avoiding a crash due to texting while driving) \[[@pone.0213453.ref033]\]. The present study, however, empirically confirmed this claim by demonstrating that drivers perceive strong control over the choice to engage in texting while driving (see [Table 1](#pone.0213453.t001){ref-type="table"}).

It is widely considered that perceived efficacy, particularly response efficacy---the degree to which a recommended action will result in desirable consequences, is one of the critical characteristics in message persuasiveness \[[@pone.0213453.ref086]\]. Along this line, it is important to note that, although the threat appeals used in the present study were effective, they did not convey any information on coping strategies that allowed drivers to avoid texting while driving and how effective such strategies are (e.g., the use of smartphone applications to automatically reply to incoming text messages). Further examination of the effectiveness of a threat-appeal message that focuses on response efficacy should be an important avenue for future research.

Limitations {#sec012}
-----------

There are four limitations that are noteworthy. First, the present study assessed the immediate (i.e. short-term) impact of the threat-appeal message, and we did not measure its enduring effects. It is advisable for future research to collect follow-up data to evaluate whether positive effects of the threat appeals can be maintained. Second, we did not employ attention check questions on the video. Although the results of the manipulation check question indicate that the treatment group had significantly higher perceived threat, this does not guarantee that participants watched the video clip in a strict sense. Because the information from a message has to be processed properly to persuade a recipient and the capacity to process information is limited \[[@pone.0213453.ref087]\], future studies are advised to include attention check questions. Third, the decision-making task in the present study was hypothetical and the effects of the threat appeals on the actual texting while driving behavior were not evaluated. It is important to note, however, that previous studies using monetary rewards have established that hypothetical and real outcomes produce similar results \[[@pone.0213453.ref088]--[@pone.0213453.ref094]\]. As it is unethical to let participants engage in situ texting while driving, the use of the hypothetical task in the present study should be acceptable, at least to evaluate the potential effectiveness of the threat appeals. Finally, the sample of the present study was relatively small and was exclusively composed of college students. Although a meta-analysis concluded that individual differences have little influence on how message recipients respond to threat appeals \[[@pone.0213453.ref095]\], it is still advisable for future research to employ a more diverse and larger sample to assess the generality of the present findings.

Future research and conclusion {#sec013}
------------------------------

In addition to providing the theoretical foundation of the present study, the CNDS theory makes several predictions about how to modulate texting while driving that can guide future research. For example, any manipulation that increases the relative dominance of the impulsive system, such as presenting cues associated with the reward of interest \[[@pone.0213453.ref096]\] or cues associated with a strong reward but not related to the reward of interest \[[@pone.0213453.ref097],[@pone.0213453.ref098]\], should be associated with increased occurrence of the impulsive choice of texting while driving. Along this line, assessing the degree of valuation of texting while driving \[[@pone.0213453.ref099]\] as an assessment of the strength of the impulsive system may be useful (see \[[@pone.0213453.ref046]\] for the theoretical foundation). Another manipulation of interest would be one that increases the relative dominance of the executive system, which includes threat appeals or episodic future thinking \[[@pone.0213453.ref100],[@pone.0213453.ref101]\], executive function training \[[@pone.0213453.ref102]\], mindfulness-based interventions \[[@pone.0213453.ref103],[@pone.0213453.ref104]\], and contingency management \[[@pone.0213453.ref105],[@pone.0213453.ref106]\]. All of these should be important avenues for future research, which would lead to the development and refinement of the effective prevention and intervention strategies for the public health challenge of texting while driving.

The present study was undertaken with a specific focus on providing additional insights regarding the use of persuasive communication techniques that may successfully alter and curb the incidence of texting while driving. Given media-delivered educational campaigns continue to be one of the viable vehicles for this purpose, we examined the effectiveness of the video-based threat appeals that were designed to elicit an emotion of anticipated regret due to texting while driving. The threat appeals successfully reduced impulsive decision making associated with texting while driving, generated less favorable attitudes toward texting while driving, and decreased intentions to text while driving in the future. The present study contributes to the transportation safety literature by demonstrating that threat appeals with high perceived efficacy can be a valuable tool for reducing the public health challenge of texting while driving. In addition, the present study demonstrated the fruitfulness of combining two paradigms, threat appeals and behavioral economics, which could lead to effective prevention and intervention strategies for various societal problems.
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